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G-1.CFA LANDFILL MOISTURE MONITORING
(OCTOBER 2000 THROUGH SEPTEMBER 2001)

The overall objective of infiltration monitoring at the Central Facilities Area (CFA) landfills is to
document the effectiveness of the landfill covers for minimizing infiltration into the landfill wastes
(INEL 1997b). The moisture content of the soil was monitored using time-domain reflectometer and
neutron probe instruments. The data from the new deep or vertical time-domain reflectometer systems
that were installed in the native soil cover at Landfills IT and III to a depth of 2.4 m (8 ft) during August
and September 2000 are reported and discussed. Moisture monitoring data from five existing neutron-
probe access tubes (NATs) are also reported and discussed.

The terms “infiltration, recharge, and drainage™ are used throughout this appendix and are defined
in the following sentences. Water that moves into the soil is defined as “infiltration.” Water that continues
to move downward beyond the evapotranspiration (ET) depth and out of the soil profile is termed
“recharge.” Infiltration and recharge are represented by an increase in water storage within a system. In
addition to recharge, evapotranspiration is a large contributor to decreasing storage in near-surface soils,
moving water upward and out of the soil. The term “drainage” refers to water movement out of a unit
thickness of soil or a decrease in soil moisture content, but does not indicate the direction of movement.

G-1.1 Neutron-Probe Moisture Monitoring Data

The target for the neutron probe monitoring at the landfills is the volume of water infiltrating past
the evapotranspiration or rooting depth. Water that passes through the evapotranspiration depth may pick
up contaminants in the landfill waste and carry them to the depth monitored by the NATs. The volumes
for infiltration, drainage, and recharge have been calculated for each landfill NAT location from
October 2000 through September 2001. The raw data for the five neutron probe monitoring locations are
provided in Tables 1 through 5. Calculated infiltration, recharge, and drainage for the five locations are
summarized in Table 6.

Neutron probe logs for each NAT show fluctuations through time in the upper 0.9 m (3 ft) that are
caused by annual precipitation/snow melt cycles (Figures 1 through 5). The three-dimensional plots show
a spike in moisture content in March 2001, but the spike does not penetrate more than 0.9 m (3 ft) except
at LF 2-04 located off the landfills. The timing of the moisture increases in the landfill soil indicates that
snowmelt is the most significant infiltration event at the landfills. The undulating floor in the three-
dimensional charts probably reflects neutron data precision. However, none of the NAT locations showed
a ridge of water penetrating the entire soil column as occurred in 1998. The 1998 occurrence was prior to
the vegetation becoming established on the landfill covers.

G-1.1.1 Infiltration and Recharge Estimates Using Neutron-Probe Access Tube Data

The calculations of moisture content and volumetric water content are described below. Methods
for estimating infiltration and recharge are also described.

The infiltration and recharge for 2001 was estimated by calculating the change in water storage
using the following calibration equations:

MC = 0.000808 x counts, for sand and gravel

MC =0.00166 x counts + 4.74, for clay



where:
MC = moisture content.

The mass water content was converted to a volumetric water content by multiplying the mass water
content by the soil bulk density value, determined for samples collected from the boreholes adjacent to
the NATs (Edgerton, Germeshausen, and Grier [EG&G] 1988). The equations to calculate volumetric
water content (Vol) are:

Vol = MC x 1.98, for sand and gravel
Vol =MC x 1.69, for clay.

The calibration curves were assigned to 0.3-m (1-ft) increments of the NATs based on lithology
logs for boreholes drilled next to the tubes located off the landfills (Table 8). For the NATs located on the
landfills, 0.3-m (1-ft) increments with count rates less than 5,500 were assigned to the sand and gravel
calibration curve, and those with count rates greater than 5,500 were assigned to the clay calibration.

Figures 1 through 5 show that the only measurable infiltration event that penetrates beyond the first
foot occurred in the spring of 2001. Consequently, infiltration and recharge were calculated for this spring
event and these calculations also reflect recharge for the entire year. Based on the change in storage using
the calibration calculations and the assumed evapotranspiration (ET) depth, the estimates of recharge for
spring 2001 are less than 0.64 cm (0.25 in.) for all locations except LF 2-04 (Table 9). The recharge at LF
2-04 was calculated to be 0.76 cm (0.30 in.). Infiltration calculations for the five NATs for the spring
2001 ranged from 2.34 to 3.61 cm (0.92 to 1.42 in.). The highest amount of infiltration occurred at LF 2-
04, which is located off Landfill II. The infiltration estimates of 2.34 to 3.61 cm (0.92 to 1.42 in.) are
consistent with the measured precipitation at the CFA National Oceanic and Atmospheric Administration
(NOAA) weather station of 4.6 cm (1.8 in.). The precipitation from November 2000, the time that the
surface soil started to freeze, until the spring thaw, approximately March 8, 2001, was 4.6 cm (1.8 in.)
(Table 7).

G-1.1.2 Water Storage Analysis for Neutron-Probe Data

Changes in storage refer to changes in soil moisture content over a period that represents a full
moisture cycle that is typically a one-year period. Changes in storage at the NAT locations for the period
of October 2000 to September 2001 indicate that the entire soil column over the length of the tubes is
decreasing in moisture content (Table 6). The change in water storage indicates that moisture contents are
decreasing slightly or holding steady within the landfill caps and within the evapotranspiration zones.
Location LF 2-07 showed the largest decrease in water storage of 2.54 ¢cm (1.00 in.) over the entire soil
column and 2.31 cm (0.91 in.) below the evapotranspiration zone. In contrast, LF 2-03 located near
Landfill IT showed almost no change in storage over the entire soil column, within the evapotranspiration
zone, and below the evapotranspiration zone (Table 6). The other NATs showed slight negative changes
in storage over the entire soil column, within the evapotranspiration zone, and below the evapotrans-
piration zone.

G-1.1.3  Evaluation of Evapotranspiration Depth

The depth to which evapotranspiration is influential depends on the plants and their rooting depths,
soil types, and the meteorological conditions that are present. The evapotranspiration depth is assumed to
be 0.9 to 1.2 m (3 to 4 ft). For the evapotranspiration depth to be evaluated, enough data are necessary so
that yearly variations in moisture content in the upper part of the soil profile can be assessed. The



evapotranspiration depths for the NAT locations are based on the amount of drainage occurring at 0.3-m
(1-ft) increments. The drainage from one layer to the next within the evapotranspiration zone should
steadily decrease until the zero flux boundary is reached. The depth at which drainage becomes nearly
constant is assumed to be the evapotranspiration depth. Plots of drainage for the five NATs are shown on
Figure (G-71).

Drainage estimates were made by calculating the change in storage for each 0.3-m (1-ft) layer over
the course of one year and then summing the negative changes in storage. The monthly change in storage
is calculated for a 1-ft layer and for the soil column as follows:

One-foot layer

AVolumetric water content = (Volaren — Volgpruany) ™ 12 in.

Soil Column

AVolumetric water content =X A Volumetric water contents for each one-foot layer.

The total drainage varied from 3.16 inches for LF2-03 to 4.32 inches for LF2-07. The drainage
below the ET zone varied from 3.45 cm (1.36 in.) for LF3-03 to 7.39 cm (2.91 in.) for LF2-07 (Table 6).

The plots suggest an ET depth of 3 feet for all locations except LF2-04; however, the monitoring
period year was significantly below the average winter (November—April) precipitation and yearly
precipitation amounts (Table 6).

G-1.2 Time-Domain Reflectometer Data Analysis

Time-domain reflectometer data were collected from two locations at both Landfills IT and III, with
the volumetric moisture data collected at 15-cm (6-in.) intervals from the surface to a depth of 2.4 m (8 ft)
(Figure 6-2 in Section 6). The new time-domain reflectometer systems were installed in August and
September 2000. The systems installed were Moisture Point systems from Environmental Sensors, Inc.
The Moisture Point system consists of an MP-917, Moisture Point Type-K probes, Campbell Scientific
CR10X data logger and COM200 phone modem, solar panel, battery, and probe cables. The MP-917
interrogates the probes and reduces the segment data to a numerical probe data set for export to the
CR10X data logger.

Data collection at Landfill III commenced on September 26, 2000. Time-domain reflectometer data
collection at Landfill IT began on November 9 and December 6, 2000. The data collection at Landfill 11
started later than that at Landfill III because of communication problems between the two sites. Plots of
the time-domain reflectometer data from the beginning of data collection to September 30, 2001, are
provided in Figures 7 through 10. The plots show the volumetric moisture content for 15-cm (6-in.)
intervals from the surface to a depth of 2.4 m (8 ft). In general, the time-domain reflectometer data
showed that the most significant increase in moisture content occurred during the spring 2001 snowmelt
event. From September 2000 until February 2001, the time-domain reflectometer probes exhibited wide
variations between measurements that reflected data noise rather than changes in moisture content. In
February 2001, Environmental Sensors, Inc., loaded a new data reduction algorithm into the MP-917 to
reduce data noise, and the MP-917 was insulated to reduce the effects of sub-freezing weather on the
clectronics.

The monitoring of water movement or absence of infiltration through the soil cover on the landfills
is the primary concern of the time-domain reflectometer monitoring at Landfills I and III. The low-



permeability layer of the soil cover is located 15 to 45 cm (6 to 18 in.) below land surface (bls). Moisture
contents that increase and decrease within the low-permeability layer indicate the movement of water into
and out of this compacted layer. Downward water movement through the low-permeability layer can be
determined by examining time-domain reflectometer moisture content data below the low-permeability
layer. Increasing moisture contents below the low-permeability layer indicate water moved vertically
through the low-permeability layer.

G-1.21 Infiltration Calculations Based on Time-Domain Reflectometer Data

In general, the time-domain reflectometer data show an increase in moisture content to depths of
less than 0.9 m (3 ft) during the spring snow melt of 2001, which was the most significant infiltration
event of the year (Table 10). However, not all increases are due to infiltration. A portion of the rapid
“apparent” increase in moisture in March 2001 is attributed to soil thawing. The weather data from
October 2000 to April 2001 indicate that the air temperatures were near freezing or colder from
November 5, 2000, until approximately March 7, 2001 (Figure 11). Changes in moisture content to depths
of 0.6 m (2 ft) would reflect both an adjustment due to soil thawing and an influx of water from
snowmelt. When soil water freezes, the dielectric constant of water reduces from approximately 80 to 5.
The time-domain reflectometer probes then indicate a false decrease in water content that is consistent
with the decrease in the dielectric constant of water when it is frozen. When the soil thaws, the probes
reflect the rise in the diclectric constant as ice turns to liquid, and a false increase in water content is
detected. Because the spring thaw occurs more suddenly than soil freezing in the fall, the spring shift is
more pronounced on the moisture content curves. The apparent decrease in soil moisture for the surface to
0.6-m (2-ft) deep time-domain reflectometer probes probably reflects soil moisture freezing (Figures 7
through 10).

Infiltration and drainage calculations for the spring snow melt of 2001 indicate that the time-
domain reflectometer results are greater than the measured precipitation at the CFA NOAA weather
station. The calculated infiltration for the three functioning time-domain reflectometer locations ranges
from 5.41 t0 9.80 cm (2.12 to 3.86 in.) (Table 11). However, the measured precipitation at the CFA
NOAA weather station is only 4.6 cm (1.8 in.). Similarly, drainage or losses in storage for the three time-
domain reflectometer arrays ranges from 5.72 to 9.75 cm (2.25 to 3.84 in.) of water. An explanation for
the discrepancy between the measured precipitation at the CFA NOAA weather station and infiltration
could be ponding of water or snowdrifts above the time-domain reflectometer locations. However, neither
ponding nor snowdrifts were observed at the locations during snowmelt. The high time-domain
reflectometer readings could be related to probe calibration or to physical nonconformities in the
subsurface, such as water filling void pockets beside the probe.

In contrast to the spring snowmelt event, several precipitation events in 2000 and 2001 appeared to
affect only the 0- to 15-cm (0- to 6-in.) depth interval. In 2000, two precipitation events in the form of
rain occurred on October 10 and 11 (1.20 cm [0.48 in.]) and October 29 and 30 (1.19 ¢cm [0.47 in.]).
These precipitation events are strongly reflected at the 15-cm (6-in.) depth, but there appears to be little
response below this depth, with the calculated amount of infiltration into the 0- to 15-cm (0- to 6-in.)
depth being similar to the amount of precipitation (Figures 7 through 10). Additionally, two smaller
precipitation events occurred in April 2001 after the snowmelt. These precipitation events show up as
small spikes in the 0- to 15-cm (0- to 6-in.) and 15- to 30-cm (6- to 12-in.) intervals for all four time-
domain reflectometer locations (Figures 7 through 10). A precipitation event of 1.19 ¢cm (0.47 in.) in
September 2001 appears as a small spike in only the 0- to 15-cm (0- to 6-in.) interval at all four time-
domain reflectometer locations, with the calculated amount of infiltration less than half the precipitation.



G-1.2.2 Water Storage Analyses for the Time-Domain Reflectometer Locations

Infiltration, drainage, and evapotranspiration affect the amount of water in storage in the soil
profile. Water storage analysis in this section reflects the change in moisture content over a period of
approximately one year (October 2000 through September 2001). This one-year period is used to evaluate
the net impacts of infiltration, drainage, and evapotranspiration on the soil profile (i.e., gaining or losing
moisture). The change in storage is represented by the following equation:

AS=1-D-ET
where:
AS = change in storage
I = infiltration
D = drainage out of a system
ET = evapotranspiration.

The infiltration, drainage, and evapotranspiration out of soil are nearly impossible to measure
directly. However, the time-domain reflectometer probes do measure moisture content from which change
in storage (AS) can be inferred. If the change in storage is positive over time, there is a net gain of water
in the soil profile. Conversely, if the change is negative, there is a net water loss from the soil profile.

Changes in storage were estimated for the entire 2.4-m (8-ft) depth of each time-domain
reflectometer below land surface (Table 6). The change in storage (AS) was calculated for each interval
by multiplying the change in moisture content, AMC, by the thickness of the soil unit (L) or 15 ¢cm (6 in.)
for each segment, mathematically expressed as follows:

AS=AMC x LL

where:
AS = change in storage
AMC = moisture content
L = soil unit thickness.

The change in storage for the 2.4-m (8-ft) profile was calculated for September 26, 2000, through
September 30, 2001, for the time-domain reflectometers at Landfill III and November 9, 2000, through
September 30, 2001, for those at Landfill II. This encompasses spring infiltration as well as the summer
evapotranspiration.

There was little change in storage over the monitoring period for the 0- to 0.6-m (0- to 2-ft) depth
intervals for the landfill caps at the four time-domain reflectometer locations (Table 12). Changes in
storage at Landfill IT were 0.08 and -1.04 ¢cm (0.03 and -0.41 in.). At Landfill III, changes in storage were
0.28 and -0.48 cm (0.11 and -0.19 in.) Three of the four locations showed a gain in storage for the 0- to
2.4-m (0- to 8-ft) depth interval over the monitoring period (Table 12). Changes in storage ranged from
2.21 e¢m (0.87 in.) for Landfill II (north) to -0.48 cm (-0.19 in.) for Landfill III (west).



At Landfill III, from depths of 1.2 to 2.4 m (4 to 8 ft) or below the estimated evapotranspiration
depth of 0.9 to 1.2 m (3 to 4 ft), there was essentially no change in storage. However, at Landfill 11, both
probe locations showed an approximate 1.3-cm (0.5-in.) increase in soil moisture storage. Only one 15-
cm (6-in.) interval at each probe location showed a significant increase in moisture content (an increase
greater than 2.5% moisture content) below 1.2 m (4 ft). The gains in water storage at the Landfill II probe
locations for 2001 suggest that water moved through the low-permeability layer and into the soil below.
However, most of the increase below the ET depth (1.2 m or 4 ft) is from segments that do not show a
significant increase in moisture content. The changes in moisture content for the other 15-cm (6-in.)
intervals could reflect measurement uncertainty or probe measurement error, but summing these changes
added up to nearly 1.3 cm (0.5 in.). Because only one interval showed a significant increase in moisture
content, this suggests that any recharge was slight, less than 0.64 cm (0.25 in.), and that
evapotranspiration consumed most to all of the infiltrated water for the spring 2001 snowmelt.



G-1.3 Comparison of Time-Domain Reflectometer and
Neutron-Probe Data

The neutron-probe data for LF 3-05 and LF 2-07 and the time-domain reflectometer data from
Landfills II and III were compared, because the NAT locations and time-domain reflectometers are in the
same proximity (refer to Figure 6-2 in Section 6). The neutron probe and time-domain reflectometer data
were compared with regard to recharge estimates, depth of wetting front penetration, and infiltration
estimates.

The time-domain reflectometer and the neutron probe monitoring on the landfills both indicate that
recharge was less than 0.64 cm (0.25 in.) on the landfills, and that the wetting front in the spring of 2001
penetrated only about 0.9 m (3 ft). Off Landfill I, NAT LF 2-04 showed a wetting front penetration to at
least 1.8 m (6 ft), but no time-domain reflectometers were located off the landfills for comparison.

The primary difference between the time-domain reflectometer and neutron probe measurements
was that the calculated amount of infiltration using the time-domain reflectometers was considerably
higher than determined from the neutron probe measurements and also much greater than the measured
precipitation at the CFA NOAA weather station. Part of the overestimation by the time-domain
reflectometers could be that the rapid increase in water content in mid-March 2001 is due to both the soil
thaw and infiltration. The calibration of the time-domain reflectometers needs to be evaluated.
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Table G-7. Precipitation summary for FY 2001.

Month Precipitation (in.)
October-00 0.98
November-00 ' 0.31
December-00 0.13
January-01 0.36
February-01 0.8
March-01 0.2
April-01 0.68
May-01 0.02
June-01 0.33
July-01 0.2
August-01 0.12
September-01 0.55

Total 4.68
Nov-00 thru Mar-01 1.8




Table G-8. Layer classification for neutron probe measurements.

LF2-07 LF2-04 LF2-03 LF3-05 LF3-03
Depth/Type®  Depth/Type Depth/Type Depth/Type Depth/Type
(ft) (fv (f (ft) (fo
0.84C 0.145 -0.08S 1.1C 0.7C
1.84S 1.14S 0.928 218 1.78
2.84S 2.148 1.92S 3.18 2.9C
3.84C 3.14S 2928 4.1C 3.78
4.84C 4.145 3.928 5.18 4.78
5.84C 5.14S 4.928 6.1 5.78
6.84C 6.14S 5.928 7.18 6.7S
7.84C 7.148 6.925 8.1S 7.78
8.84S 8.14S 7.928 9.18 8.7S
9.84C 9.14S 8.928 10.1S 9.78
10.84C 10.14S 9928 11.18 10.78
11.84C 11.148 10.928 12.1S 11.7S
12.84S 12.14S 11.928 13.1S 12.78
13.84C 13.148 12.928 14.18 13.78
14.84C 14.14S 13.928 15.1S 14.7S
15.84C 15.148 14.928 16.1S 15.7S
16.84C 16.14S 15.928 17.18 16.7S
17.84C 17.14S 16.92S 18.1S 17.7S
18.14S 17.928 19.1S 18.7S
19.14C 18.928 20.1S 19.78
20.14C 19.92C 21.1C
21.14C 20.92C 221C
21.92C 23.1C
23.8C

a.

Type is either § =Sand and Gravel; or C = Clay or silt.




0£'0 134 |

LO0O 10°0 LOOY 906¢ £0°0 L18E 100 669¢€ L99€  tI'L

€10 200 Lb1y €91v 91°0 eley 200 8LSE vere 19

1o 610 (4337 8ThY SIo 165 610 08LY 86LE VIS
LT0 916¢ 996¢ L1°0 S8y LT0 €08% 619 PvI'v
v2'0 016¢ S80¥ 00 18T vT0 €0SY 1€2¢ ple
1€0 678¢ 060% €20 8ETY 1€°0 0S99 090¢  ¥1'T
LEO vESE €STY 8T°0 8Ty LEO S8LY €987 Il
€00 68T €9LY £0°0- 086¥ £0°0 L8SS vSTS Y10

LO/L1/S=10/8T/T  S1/~8T/T 100T/L1/S 100T/81/7  8T/T—8T/E  1007/8T/E  8T/T—SI/E  100T/SI/E 100T/8T/T ypdag

(‘ur) yidop L mo[aq ("ur) 1uaAd DN 28uey) O 23uey) v-TaT

aseaIdU] - 98B0y uonen|Iu]

720°0 76°0

000 18S¢ 9G¥ 200" 99%¢ 000 $86¢ 0LSE  T6'S

200 9L£€ 80£¢ 000 0zee 100 94% 997¢ 6V

961¢ l1ize 000 £TTE 10°0- 861¢ 6£7€  T6'C
91¢€ 6£€E 10°0 08¢ 10°0- 430 €676 T6'T
LTO €Iy vOSH LTO 00S+ zro TTLE 860¢ 761
£5°0 896% £16S £5°0 1229 650 9759 8PvE 760
1o 60T 68LT 1o £00¢ 81°0 ITLe 8181 0
LO/L1/S—10/8T/T  8T/E-8T/T 100T/L1/S 100T/81/v  8T/T-8T/E  100T/8T/E  8T/T—S1/E  100T/S1/E  100T/8T/T pdag
('ur) ydap 1 mo[aq (‘ur) JUdAD DI 28uey) DIN 2duey) €-TdT

ase2.0U] - 3318Y23Y uonRI|U]

1002 3unds ur sjudwainseaw 9qold uoIN3U 10§ SUORND[ED 3318YI21 puR UOHEIIJU] "6-D) J]qR],

G-18




00 [£90 1

10°0 766¢ 6£61 v0'0 0S0¢ 00 LEYT €6T LS
10°0 €L6T 56T 10°0- TL8T 000 TT6C weT LY
S80€ £80¢ 000 8€0¢ 000 £20¢€ 020€ L€
200 8TEY SeTy 00 651t 90°0 8LTY 60r LT
81°0 %489 SYLS 81°0 TL9S 10°0- 1891 6ILY L'l
[ Y6£S 0989 [ 9¢IL 8T'1 8¢9L 8Y8E L0
8.9 811 oyl $961 l6LE €0
49 8¢ 9 SL 09¢
100Z/L1/S-10/8T/T  8T/€—8T/T 100Z/L1/S 100T/81/v  8T/2-8T/S  100T/8T/E  8T/T-SI/E  100T/S1/E€ 1002/8¢/C Wwded
(up) ydop L mofaq  (‘ur) JuaAd O 23uey) DI 23ury) €0-€dT

aseasou] - 931BYOdY  uonen|u]

£0°0 LIy
10°0- 6t 018t 00" 8¢0S SO0 £80S Svor  ¥8'S
v0°0 01¢S #90S 0070 P60 000 001¢ vIIS  ¥8Y
1986 GL8S 10°0- 1£8S 200 698S 008  t8'¢
S6LY 0CLY €00 6Z8Y 00°0 8891 689Y 8T
00 9¢I¥ LS1Y 200 rr6s 000 ST8¢ 1S8¢  t8'1
SI'I 9089 £ThL SI'l 108L 06°0 9G0L 06€y  ¥8°0
LSTT LETE Sove IS1¢ 9zt 91°0-
6L 16 96 68 £06
100T/L1/S—10/8T/T  8T/S-8T/T 100T/LL/S 100T/81/y  8T/T-8T/E  100T/8T/E  8T/C-S1/€  100T/S1/€ 100T/8T/7 Wwdag
(ur) ydop I mofpq  ("ur) JUdAD " DI Buey) O 93uey) L0-TdT

asealou] - 931ryddYy  uonEnjyuf

{(panunuod) "6-D Aqe L

G-19




“308}Ins UO dNpjING MOUS 123]J31 AIBMIQ,] Ul STUIPEOI 3SNBIAQ Pasn (OO 100 Woy Ble( ©

G-20

p0°0 80°I
00 08¢ 8ELL 10°0- CeLt 00 L6LT 9897 I'9
10°0 00y 66t 10°0 80y 000 696t 0L6e I'S
10°0 LY8S 4839 00 616¢ 000 908¢ 118 I'v
10Ty [4Xé% 000 6Ly 000 153207 65y It
YOLE eLe 10°0- £lLE 100 91LE I8, 1T
80 1253 09 80 SLI9 690 CoLS 8¢Le 11
YAy 1£9¥ evr9 §C0 PeLY 80 06LL L9y 10
16 Ol1 (43! (44’ 6L¢]
100T/L1/S—10/8T/C 8T/E-8T/ TO0T/LI/S 100T/81/v  ST/-8TE  100T/8T/E  8T/T-S1/E  100T/S1/€ 1007/8T/ Wwdad
(‘ur) yadap 14 (‘ur) 1waAd DN 23uey) O 23uey) SO-€d'1

MO[2q 3sBaIOU] - 23IBYIIY uUonRI U]

‘(panunuod) "¢-0 Jqe L




‘Furuonouny jou sem 9qoid udym paundoo Ajqeqoid yead
aquoyddv Io0N=¥N 'q
‘sorewxoidde aJe sa1ep JUUOD IMSIOW Ul SFUBYD Ye3d 'YOIe JO YL dY) INOqe PILIe]s Jewmous Suidg e

- VN ON 0'8-¢L - VN ON 0'8-S'L

— VN ON SL0L - VN ON SLO0L

— VN ON 0'L=S9 — VN ON 0°L=S9

— VN ON §9-09 - VN ON €909

— VN ON 0'9-¢'¢ - VN ON 09-¢¢

— VN ON §S0¢ — VN ON £e0¢

— VN ON 0S¢y — VN ON 0SSV

— VN ON SY0v - VN ON S0t

- VN ON 0y—S°¢ - VN ON 0v¢'¢

— VN ON §e0¢ — VN ON §e0¢

- VN ON 0e-¢¢ — VN ON 0¢-5T

— 100Z/6/L SOA ¢T07¢ - 100T/1E/L SO §T07¢

- VN ON 0C-¢'1 — 100Z/61/L EEDN 0TSl

- 1002/0¢/¥ SA S1-0'1 — 100Z/C1/L S9A S0l

— 1002/1T/¢€ SR 0'1-¢°0 - 1002/£T/¢ SOA 01-¢0

— 100¢/61/¢€ SOA 000 — 100Z/L1/¢€ SOA 000

1 $ MO[2q 3SBAIIU] Jueiuod aInjstou 046 7< 93uey) yidoq 1 § MO[aq 95Ba1DU] LJU3IU0O 2InjsiowW 04,6'7< A3uey) pdog
JUSIUOD 2INISIOIA ut s3ueyd yead JUSJUOD SINISION  1S9Mm-€47] JU3IUOT 2INISIOIA ut a8ueyd yead U0 JIMSIO  ISee-¢.7]

— VN ON 0'8-¢L — VN ON 08-¢L

— VN ON SLOL — VN ON SLOL

- VN ON 0L=59 — VN ON 0°L=$9

— VN ON §'9-09 — VN ON §9-09

— VN ON 0'9-¢'¢ — VN ON 0'9-¢'¢

- VN ON S0 - VN ON §¢0¢

L10 1007/81/8 SIA 06-<SP - VN ON 06-S¥

— VN ON SrO0v 91°0 1002/01/6 SOA S0t

- VN ON 0r—=¢'¢ - VN ON 0y-§'¢

- VN ON ¢e0¢ - VN ON ¢e-0¢

— VN ON 0¢-¢7C — 1002/9/L SIA 0¢-6C

— VN ON €707 — 10602/9/L SIOA §T0¢

— VN ON 0=l - 1002/11/9 SIA 0T¢<'1

- 100T/6T/¢ SIA 101 — 100T/S/% SOA S0l

- 100T/L1/¥ SA 01-5°0 - 1002/£T/¢ SIA 0'1-5°0

— o SOA €000 - 100T/€1/¢ SN €000
U b mo0[2q asealou AUAU09 aInjsiow 946 < aBueryD ydag Y ¥ M0[3q asealoul JUAUOD dInistow 04$ 7< 98uey) 1) pdaq
JUSIUO0D AINISION ur agueyd yead WAIUOD NISION  INoS 7] JUSIU0D AINISIOIN ur aSueyd yesd JUSIUOD JIMISION  YMOU ZJd]

"SaTewINSa 231eYda1 pue | (g aurids woiy uonensuad Jajem 10 Juoly Sumem Jo ida "01-O Jqel,

G-21




Table G-11. TDR infiltration and recharge calculations for 2001.°

Infiltration Drainage
Moisture content Change in Moisture content Change in
moisture moisture
LF3-west 11/5/2001  4/1/2001  content (in.) 4/1/2001  9/10/2001 content (in.)
0.0-0.5 0.162 0.267 0.63 0.267 0.0549 1.2726
0.5-1.0 0.064 0317 1.518 0.317 0.0647 1.5138
1.0-1.5 0.163 0.2799 0.7014 0.2799 0.1695 0.6624
Total 2.8494 Total 3.4488
Recharge-—No intervals below 4 feet with an increase in moisture content greater than 2.5%.
Moisture content Change in Moisture content Change in
moisture moisture
LF3-east 11/5/2001 4/1/2001  content (in.) 4/1/2001  9/10/2001 content (in.)
0.0-0.5 0.116083 0.227 0.6655 0.227 0.042 I1.11
0.5-1.0 0.139125 0.363917 1.34875 0.363917 0.1592 1.2283
1.0-1.5 0.198083 0.216125 0.10825 0.216125 0.2314 -0.09165
Total 2.1225 Total 2.24665
Recharge—No intervals below 4 feet with an increase in moisture content greater than 2.5%.
Moisture content Change in Moisture content Change in
moisture Moisture
LF2-north 12/6/2001 4/1/2001  content (in.) 4/1/2001  9/10/2001  content (in.)
0.0-0.5 0.16 0.316625 0.93975 0.316625 0.1099 1.24035
0.5-1.0 0.053333  0.35075 1.7845 0.35075 0.0639 1.7211
1.0-1.5 0.093444 0.282  1.131333333 0.282 0.1361 0.8754
Total 3.855583333 Total 3.83685
Recharge—Intervals below 4 feet showing greater than 2.5% increase in moisture content.
Moisture content Change in Moisture content Change in
moisture Moisture
LF2-north NA NA content (in.) 2/28/2001 9/10/2001 content (in.)
4.0-4.5 — — — 0.126 0.153 0.162
Total 0.16
Moisture content Change in Moisture content Change in
: moisture moisture
LF2-south(3) NA NA content (in.) NA NA content (in.)
0.0-0.5 — — — — - —
0.5-1.0 — — — — — —
1.0-1.5 — — — — e —
— Total — — Total —
Recharge—Intervals below 4 feet showing greater than 2.5% increase in moisture content,
Moisture content Change in Moisture content Change in
moisture moisture
LF2-south NA NA content (in.) 2/28/2001 8/18/2001 content (in.)
4.5-5.0 — — 0.118 0.146 0.168
Total 0.17
a.  Infiltration calculations are for the spring, because this was the only time of year that moisture infiltration was noted beyond a 1-ft depth.

b.  Soil moisture contents at beginning of freeze (approx. November 5, 2000, and after thaw April 1, 2001).
c.  The surface probe for this array was not functioning from February 15, 2001, to March 22, 2001.
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Figure G-1. Neutron probe measurements for LF 2-03.
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Figure G-71. Drainage plots for the NAT locations.
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